
t u^ooAtsches Patentamt 
European Patent Office 
Otf»c« europeen des brevets 



© Publication number: 



0 631 397 A2 



© 



EUROPEAN PATENT APPLICATION 



Q Application number: 94107625.9 
© Date o< Itltng 1 7.05.94 

0 Pr.oity 1&05.93 JP 115466/93 

© Dale o' puoicat on of application: 
2&12-94 Bulletin 94/52 

© Do signaled Contracting States: 
DE G8 SE 



© int. ci 5 : H04B 7/005, H04Q 7/04 



0 Applicant: NEC CORPORATION 
7-1, Shiba 5-chome 
Minato-ku 
Tokyo (JP) 

© Inventor: Kanai, Toshihitc 
c/o NEC Corporation, 
7-1, Shiba 5-chome 
Minato-ku. 
Tokyo (JP) 

© Representative: VOSSIUS & PARTNER 
Siebertstrasse 4 
D-81675 Munchen (DE) 



CO 



o 

o 



© Metnod of channel allocation in a mobile radio telephone system using transmission power 
control. 
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© The invention provides channel allocation meth- 
od which achieves a high frequency utilization effi- 
ciency while suppressing the average transmission 
power by transmission power control. Selection pri- 
ority degrees and initial minimum transmission pow- 
er control amounts are set for alt radio channels 
allocated to the system. The initial minimum trans- 
m ssKjn powe- control amounts are set such that the 
rajio channel naming higher selection priority degree 
has nigner o* at least equal initial minimum transmis- 
sion po^ei control amount than the lower selection 
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priority radio channel. Upon channel allocation, a 
radio channel is selected in accordance with the 
selection priority degree., by the way that calculating 
the transmission power control amount of the radio 
channel (S505 to S507), comparing the transmission 
power control amount with the initial minimum trans- 
mission power control amount (S508), and when the 
transmission power control amount is equal to or 
higher than the initial minimum transmission power 
control amount, then use of the radio channel is 
permitted. 
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This invention relates to a dynamic channel 
allocation method in a cellular mobile telephone 

system. 

In a radiocommunicalions system of large ca- 
pacity such as a mobile telephone system, the 
service area is covered by a plurality of base 
stations and channels with the same frequency are 
used by the base stations among which no interfer- 
ence disturbance occurs in order to achieve effec- 
tive use of frequencies. The mobile telephone sys- 
tem just described is called a cellular system. 

Allocation of channels to be used by base 
stations is roughly divided into two methods. Ac- 
cording to one of the methods, channels to be 
used by each base station are allocated fixedly in 
advance so that no interference disturbance may 
occur as a result of predicting the oropagation 
characteristics. This method is called fixed channel 
allocation and is adopted in present-day mobile 
telephone system. The other method is called dy- 
namic channel allocation in which a channel which 
does noi cause interference disturbance is selec- 
tively used for each communication. While this 
method requires a complicated apparatus construc- 
tion, since it allows free use of any channel so long 
as it does not cause interference disturbance, it is 
advantageous in that the number of subscribers 
whicn can be accommodated is greater than that of 
the fixed channel allocation. Accordingly, adopting 
the dynamic channel allocation for a mobile tele- 
phone system is undergoing re search. 

For the dynamic channel allocation method, an 
autonomous reuse partitioning (hereinafter referred 
to simply as ARP) method to realize channel al- 
location with a highly efficient utility of frequency 
and very simple control has been proposed as 
disclosed, for example, in a paper published under 
the title of Autonomous Reuse Partitioning in Cel- 
lular Systems, Proceedings of IEEE Vehicular 
Technology Society. 42th VTS Conference : pp. 782 
- 785. May, 1992. 

In the ARP system, channels are selected in 
accordance with the same of channel number order 
at all cells, and put into use from a channel which 
presents a carrier-io-interference ratio (hereinafter 
referred to as CIR) higher than the required value 
in both reverse-link (mobile station to base station) 
and forward-link (base station to mobile station). 

Fig. i is a flow chart illustrating control ol a 
base station to which the conventional ARP system 
is applied. 

If it is assumed that n channels numbered 1 to 
n are available at each base station, and that each 
base station periodically receives and stores inter- 
ference wave levels U up {i) of available free chan- 
nels where i represents the channel number from 1 
to n. Further, it is assumed that the transmission 
power level (hereinafter abbreviated to P M s) °* * he 



mobile station and the transmission power level of 
the base station (hereinafter abbreviated to Pbs)^© 
known. 

When a call request is occurred, the base 
5 station stores a receive level of a request for call 
origination signal (when the call is originated from 
the mobile station) received through a control chan- 
nel, or a call response signal (when a mobile sta- 
tion is called) to the call from the mobile station as 
w reverse-link carrier level D up (step 1300). 

In the following description, steps are abbre- 
viated to S so that step 1300 is represented as 
S1300. 

The value obtained by subtracting D up from 
75 P MS is assumed as the propagation loss 
(hereinafter referred to as L in abbreviation) be- 
tween the base station and the mobile station 

(51301) . 

Since the loss level (L) of the radio propagation 
20 of reverse-link and forward-link is reversible, the 
forward-link carrier level (D down ) at the mobile sta- 
tion can be determined by subtracting L from P BS - 

(51302) . 

Assuming channel number to 1 (S1303), the 
25 value obtained by subtracting the reverse-link inter- 
ference wave level of channel 1(U UP (1)) from D up . 
that is. the reverse-link CIR is compared with a 

required vaiue (hereinafter abbreviated to C!R :h } 
(SI 304). 

30 When the reverse-link CIR is equal to or higher 

than CIR, h , the base station instructs the mobile 
station to measure the forward-link interference 
wave level of channel 1( U down (l)) and receives the 
result of measurement from the mobile station 

35 (Si 305). 

The base station then compares the value ob- 
tained by subtracting U dO wn0 ) * rom D down . that is, 
the revese-link CIR, with CIR lh (Si 306). 

As a result, if the forward-link CIR also is equal 

40 to or higher than CIR, h , then the base station al- 
locates channel 1 to the call request (S1307). 

On the contrary, when the reverse-link CIR or 
the forward-link CIR of channel 1 is lower than 
ClR lh . the base station increments channel number 

-5 i by one to select next channel 2 (S1309), and 
thereafter, the processes from SI 304 to S1306 are 
repeated in a similar manner to determine the 
interference condition. 

When the determination for final channel n 

so (Si 308) proves that no available channel has been 
found, the call is blocked (Si3i0). 

By this procedure, a channel having a higher 
priority degree, that is, a channel whose channel 
number is closer to l. presents a higher interfer- 

55 ence wave level and is allocated to a mobile station 
closer to a base station which presents a higher 
D up . On the other hand, since a channel having a 
lower priority degree presems a lower interference 
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wave level, it is allocated to a mobile station closer 
to the boundary of the cell which presents a lower 
D up - 

Figs. 14(A) lo 14(D) are diagrammatic views 
illustrating the relationship between the base sta- 
tions and the mobile stations of channels 4 to 1 
when the channel allocation method illustrated in 
Fig: 1 is applied. 

Base stations 3A to 3E have cells 5A to 5E, 
respectively as service areas, and channel 1 is a 
channel having the highest priority degree and is 
preferentially allocated when, for example, as seen 
in Fig. 14(D), a mobile station is present in cell 5A 
in mobile station presence area 4A which is within 
radius Rl from base station 3A. In this instance, 
also in base station 3B adjacent to base station 3A. 
the identical channel is allocated for- communica- 
tion with a mobile station within mobile station 
presence area 4B within radius R1 from base sta- 
tion 3B and used simultaneously. 

Meanwhile, when a mobile station positioned in 
cell 5A is present within mobile station presence 
area 4 A between radius Rl and radius R2 from 
base station 3A as shown in Fig. 14(C), channel 2 
which has the second highest priority order is 
allocated to the mobile station. In this instance, for 
example, also in base station 3C ( located farther 
than base siaiion 3B from base station 3A) having 
cell 5C, identical channel 2 is simultaneously al- 
located for communication between a mobile sta- 
tion present within mobile station presence area 4C 
within radius R2 from base station 3C. 

This similarly applies to the other channels, 
and if channel 4 has the lowest priority degree, 
when mobile station presence area 4A is in the 
proximity of radius R4 from base station 3A which 
is in the proximity of the outermost circumference 
of cell 5A, channel 4 is allocated to a mobile station 
within cell 5A as seen in Fig. 14(A). 

In this instance, also for base station 3E lo- 
cated farther from base station 3A, ii a mobile 
station is present in the proximity of the outermost 
circumference of cell 5E of base station 3E, chan- 
nel 4 is used for communication between the mo- 
bile stanon and base siaiion 3E. 

In tnis manner, as long as the allocation is 
realized in accordance with the same order at each 
base station, the distance between one base sta- 
tion and one mobile station is automatically leveled 
to an approximately equal value for each channel, 
and indivicual channels are allocated at minimum 
necessary distances such as D1 to D4 tor simulta- 
neous use (hereinafter referred as reuse) corre- 
sponding to the distances (Rl to R4) between the 
base stations and the mobile stations as seen in 
Fig. 14. As a result, the average reuse distance is 
reduced compared with that of fixed channel al- 
location. Consequently, a greater number of sub- 



scribers can be accommodated in each service 
area. 

In the conventional channel allocation method 
of the ARP method for a mobile communications 

5 system described above, transmission power con- 
trol is performed. 

In the general transmission power control 
method, the transmission output power of the trans- 
mission side is controlled so that the carrier level 

to on the reception side can be kept at a desired 
value. The desired value of the carrier level is set 
to a minimum value at which no quality deteriora- 
tion by noise is caused. If the desired value is set 
in this manner, when a mobile station as a terminal 

75 is positioned closer to a base station, the transmis- 
sion power can be suppressed, accordingly, the 
consumption of batteries provided at the mobile 
station can be reduced and the available service 
time can be increased. 

20 If transmission power control is performed in 

this manner, whether a mobile station is positioned 
closer to or far from a base station, the carrier level 
is substantially fixed. Accordingly, if the algorithm 
of the ARP method illustrated in Fig. 1 is used as 

25 is. then it is difficult for a plurality or mobile stations 
whose distances to a base station are equal to 
reuse the same channel within the same cell in Fig. 
14. 

As a result, there is a drawback in that the 

30 frequency of use of channels of high selection 
priority degrees is not high and the traffic accom- 
modation capacity is low. 

It is an object of the present invention to pro- 
vide a channel allocation method in a mobile com- 

35 munications system wherein the average utilization 
distance of the same radio channel is reduced 
while minimizing the average transmission power 
by transmission power control- 
In order to attain the object described above, 

40 according to one aspect of the present invention, 
there is provided a channel allocation method in a 
mobile communications system wherein a plurality 
of base stations are disposed in a service area and 
radiocommunication is performed between the 

45 base stations and a mobile station, the channel 
allocation method comprising the steps of: 

setting the control range of a transmission 
power control amount for each radio channel; and 
selecting, upon communication of each of the base 

so stations with the mobile station, one of the radio 
channels which has a control range corresponding 
to the necessary transmission power control 
amount, and allocating the selected radio channel 
for communication with the mobile station. 

55 Further, in the channel allocation method, set- 

ting a selection priority degree and a first threshold 
value to each of the radio channels such that the 
first threshold value is set at least equal or higher 
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lor tno ct^sftrc 1 r^v^^ r*gne* priority degree than 
tnc owe pc*''y :rurif]nM and allocating of any 
one rac>v c^ir h<ivi?v; itk.* first threshold value 
w»t-n ti k; trani'Tt'^>*M" ; pu^ei control amount for 
coriwnu nc<ittLn wiir. uk: mobile station exceeds the 
In 51 ihreshold value 

furrier, the method may have the step of 
counting the frequency of interference and compul- 
sory d sconnection occurring in service corre- 
sponding to* each of the first threshold values, and 
mhtt>ting tnc allocation of any one radio channel 
wnocc firs* trrcsnod value is the least level of the 
transmission control po^cr amount when the fre- 
quorcy ccrrosponong to the first threshold value 
boccmes higher than a predetermined value. 

The- channel allocation method for a mobile 
communicaiicns system may have the steps of 
setting a second threshold value for each of the 
radic channels, starting to switch a radio channel in 
use ;o anctnei available channel when the average 
transmission power control amount within a fixed 
time m sorvme becomes lower than the second 
threshold value. 

The channel allocation method for a mobile 
communications system may have the further 
steps o=: setting a third threshold value for each of 
the rado channels: and starting to switch a radio 
channel m use to another avaifabie channel when 
the averaae transmission power control amount 
w:thff» a fi>ed time in service becomes higher than 
the tmrd threshold value. 

The channel allocation method for a mobile 
communicancns system may have the further step 
ol. switching a radio channel in use only to another 
free radio channel within the same time-division 
multiplexed earner frequency in which at least one 
radio channel is accommodated. 

The channel allocation method for a mobile 
communications system may have the further 
steps cf: varying the first threshold value in re- 
sponse to the average transmission power control 
amount wthtn a fixed time; varying the second 
threshod value in response to the average trans- 
mission power control amount within a fixed time; 
varying the tr.ird thresnoid value in response to the 
average transmission power control amount within 
a fixed time; varying the second threshold value 
also in response to the number of times the trans- 
mission power control amount becomes lower than 
the second threshold value within a fixed tune; and 
varying the third threshold value in response io the 
number of times the transmission power control 
amount becomes lower than the third threshold 
value within a fixed time. 

It is another object ol the present invention to 
piovide a mobile communications system to which 
any of the channel allocation methods is applied. 
To accomplish the object described above, a mo- 



bile communications system according to the 
present invention, wherein a plurality of base sta- 
tions are disposed in a service area and radiocom- 
munication is performed between the base stations 

5 and a mobile station, the system comprising in 
each base stations; means for setting and register- 
ing a control range of a transmission power control 
amount for each radio channels; and means of 
selecting, upon communications with the mobile 

/o station, one radio channel having a necessary 
transmission power control amount and allocating 
the selected radio channel for communication to 
the mobile station. 

The mobile communications system may fur- 

75 ther comprise means for providing a selection pri- 
ority degree and registering a first threshold value 
to each of the radio channels such that the first 
threshold value is set at least equal to or higher for 
the channel having higher priority degree than the 

20 lower priority channel; and means for allocating one 
radio channel having the first threshold value when 
the transmission power control amount for the com- 
munication with the mobile station exceeds the first 
threshold value. 

25 The mobile communications system may fur- 

ther comprise means for counting the frequency of 
interference and compulsory disconnection occur- 
ring in service corresponding for each of the first 
threshold value; and means for inhabiting the al- 

30 location of radio channel whose first threshold val- 
ue is the least level of the transmission power 
control amount when the frequency corresponding 
to the first threshold value becomes higher than a 
predetermined value. 

35 The communications system may further com- 

prise means for setting and registering a second 
threshold value for each of the radio channels, and 
means for starting to switch a radio channel in use 
to another available channel when the average 

40 transmission power control amount becomes lower 
than the second threshold value within a fixed time 
in service. 

The mobile communications system may fur- 
ther comprise means for setting a third threshold 

45 value tor each of the radio channels, and means for 
starting to switch a radio channel in use to another 
available channel when the average transmission 
power control amount becomes higher than the 
third threshold value within a fixed time in service. 

50 The mobile communications system may fur- 

ther comprise; means for switching a radio channel 
in use only to another free radio channel within the 
same time-division multiplexed carrier frequency in 
which at least one radio channel is accommodated; 

55 means for varying the first threshold value in re- 
sponse to an average transmission power control 
amount within a fixed time; 

means for varying the second threshold value 
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in response to the average transmission power 
control amount within a fixed time; 

means for varying the third threshold value in 
response to the average transmission power control 
amount within a fixed time; 

means for varying the second threshold value 
in response to the number of times the transmis- 
sion power control amount becomes lower than the 
second threshold value within a fixed time; or 

means for varying the third threshold value in 
response to a number of times the transmission 
power control amount becomes lower than the third 
threshold value within a fixed time, 

Fig. 1 is a flow chart illustrating an example ol a 
conventional channel allocation method tor a 
mobile communications system of the type de- 
scribed above; 

Fig. 2 is a block diagram showing an example of 
a typical connection of a mobile communica- 
tions sysiem for which the channel allocation 
method for a mobile communications system of 
the present invention is applied; 
Fig. 3 is a diagrammatic view illustrating an 
example of radio channel numbers and permis- 
sible transmission power control amounts; 
Fig. 4 is a fiow chart illustrating a first oper- 
ational embodiment of the channel allocation 
method for a mcbiie communications sysiem of 
the present invention; 

Fig. 5 is a flow chart illustrating a second em- 
bodiment the present invention; 
Fig. 6 is a flow chart illustrating a third embodi- 
ment; 

Fig. 7 is a partial flow chart illustrating a different 
portion of a fourth embodiment: 
Fig. 8 is a partial flow chart illustrating a different 
portion of a fifth embodiment; 
Fig. 9 is a partial fiow chart illustrating a different 
portion of a sixth embodiment; 
Fig. 10 is a flow chart illustrating a seventh 
embodiment of the present invention; 
Fig. 11 is a flow chart illustrating an eighth 
embodiment of the present invention: 
Fig. 12 is a flow chart illustrating a ninth em- 
bodiment of the present invention; 
Fig. 13 is a flow chart illustrating a tenth em- 
bodiment of the present invention; and 
Fig. 14 is a diagrammatic view illustrating the 
relationship among channel numbers, mobile 
stations and base stations shown in Fig. l. 
An embodimer.i ol the preseru invention is 
described below with reference to the drawings. 

Fig. 2 is a diagrammatic view of an embodi- 
ment of a mobile communications system to which 
the channel allocation method of the present inven- 
tion is applied. 

The mobile communications system includes 
exchanae 300, base stations 3A and 38 and a 



plurality of other base stations not shown and all 
connected to exchange 300. and mobile stations 
6A and 6B and a plurality of other mobile stations 
not shown. Base station 3 A and base station 3B are 

s provided in cell 5A and cell 5B, respectively. 

Reference characters D up , U vup . D down and 
Udown denote the reverse-link carrier level at base 
station 3A, the reverse-link interference wave level 
at base station 3A, the forward-link carrier level at 

w mobile station 6A, and the forward-link interference 
wave level at mobile station 6A, respectively. 

When a call origination request occurs from 
mobile station 6 A in the cell of base station 3A and 
when dynamic channel allocation is attempted, it is 

;5 necessary to select a channel whose reverse-link 
carrier-to-interference ratio (D up - U up ) at base sta- 
tion 3A and forward-link carrier-to-interference ratio 
(D down - U down ) have levels higher than the required 
level. 

20 Fig. 3 is a diagrammatic view illustrating the 

relationship between the transmission power con- 
trol amount and the channel number in an example 
of the control range of the transmission power 
control amount set for each channel and applied to 

25 the channel allocation method for a mobile commu- 
nications system of the present invention. 

Referring to Fig. 3, the transmission power 
ievel on the mobile station side can be controlled 
with a step of 4 dB for each channel, and the 

30 ordinate indicates the transmission power control 
amount (range within which control is possible) of 
the mobile station mentioned above while the ab- 
scissa indicates the channel number to which the 
transmission power control amount is applicable. 

35 It is assumed that the control ranges are set for 

the reverse-link (mobile station to base station). 
Although control ranges can be set also for the 
forward-link, they are not limited here in the em- 
bodiments described hereinafter. 

40 The total number of channels available to the 

system is 100, and the channels are divided into 
three groups of 60 channels, 30 channels and 10 
channels. The control ranges of the transmission 
power control amounts of the first, second and third 

•35 groups are set at 0 dB to 8 dB, 8 dB to 16 dB, and 
16 dB to 24 dB, respectively. 

In particular, in Fig. 3, it is shown that channels 
which are numbered from 1 to 60 and belong to 
the first group can have transmission power control 

50 amounts of 0 dB, 4 dB or 8 dB. and channels 
whose numbers are from 61 to 90 in the second 
group can have transmission power control amount 
of 8 dB, 12 dB or 16 dB. 

Further , it is shown that channels whose chan- 

55 nel numbers are from 9i to 100 in the third group 
can have transmission power control amounts of 16 
dB, 20 dB or 24 dB. 
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Accordingly, each of the channels which, for 
example, belong to the third group and have chan- 
nel number of 91 to 100 can be used only when 
the transmission power control amount falls within 
the range of 16 dB to 24 dB. 

Fig. 4 is a flow chart illustrating control of the 
base station to which the channel allocation method 
of the first embodiment of the present invention is 
applied. 

A base station (for example, base station 3A in 
Fig. 2) periodically receives and stores interference 
wave level Uup(i) of free channel i (i = 1 to n, n is 
the maximum channel number available with the 
system). 

Meanwhile, it is assumed that P MS , which re- 
presents the maximum transmission power level of 
a mobile station (for example, mobile station 6A in 
Fig. 2), and P B s. which is the maximum transmis- 
sion power level of base station 3A t are known. 

In the transmission power control, the proce- 
dure of adjusting the receive level toward a desired 
value (THR1) is performed only for the reverse-link, 
and the range of control is as illustrated in Fig. 3. 

When a call origination request occurs, the 
base station stores the receive level of a request- 
er call origination signal (when the call is origi- 
nated from the mobile station) or a call response 
signai (when the call arrives at the mobile station) 
received through a control channel as Dup which 
represents the reverse-link carrier level (S300). 

Next, the value obtained by subtracting Dup 
from P MS is set as the propagation loss (hereinafter 
abbreviated to L) between the base station (3A) 
and the mobile station (6A) (S301). 

Since the reversibility of radio propagation be- 
tween the reverse-link and the forward-link and 
propagation loss L is considered equal. L is sub- 
tracted from P BS to predict forward-link carrier level 
Ddown at mobile station 6A (S302). 

Thereafter, the value obtained by subtracting 
receive level desired value THR1 from reverse-link 
carrier level Dup is quantized into a value of 4 dB 
step, with which actual control can be performed, 
to determine control amount CNTup of the trans- 
mission power (S303). 

When CNTup is higher than the maximum 
transmission power control amount of 24 dB, 
CNTup is set to CNTup = 24 dB (S304). 

In contrast, when CNTup is lower than 0 dB, 
CNTup is set to 0 dB (S305). 

After me value of CNTup is determined in this 
manner, an available channel group is determined 
with reference to Fig. 3 (S306). 

When, for example, CNTup = 12 dB, the chan- 
nel numbers of the available channel group are 61 
to 90 from Fig. 3. 

On the other hand, when CNTup = 16 dB, the 
channel numbers of the available channel group 
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are 61 to 100 from Fig. 3. 

Thereafter, channel number i for identification 
of a channel is set to 1 (S307), and it is checked 
whether the first channel in the available channel 
5 group is free (S308). 

When the first channel is free, the value (re- 
verse-link OR) obtained by subtracting CNTup and 
reverse-link interference wave level Uup(1) of chan- 
nel 1 from Dup is compared with the required value 
w (THR2) for the C1R (S309). 

When the reverse-link CIR is equal to or higher 
than THR2, the base station instructs the mobile 
station to measure forward-link interference wave 
level Udown(1) of channel 1 and receives the result 
75 of measurement from the mobile station (S310). 

The base station then compares the value ob- 
tained by subtracting Udown(1) from Ddown. that 
is, compares the forward-link CIR with THR2 

(5311) . When the result of comparison reveals that 
20 the forward-link CIR is equal to or higher than 

THR2, channel 1 is allocated to the call request 

(53 12) . On the contrary, when the reverse-link CIR 
or the forward-link CIR of channel 1 is lower than 
THR2. channel number 1 is incremented by one to 

25 select next channel 2 (S313); and thereafter, steps 
S308 to S31 1 are repeated in a similar manner to 
perform determination of the interference condition. 

When performing the determination until final 
channel n (S314), and no available channel is 

30 found, then the call is blocked (S315). 

Fig. 5 is a diagrammatic view illustrating the 
relationship between the control ranges of the 
transmission power control amount set for individ- 
ual radio channels and the channel numbers, which 

35 is used when a second embodiment of the present 
invention which is hereinafter described with refer- 
ence to Fig. 6 is applied. 

The transmission power control ranges are set 
for the reverse-link (mobile station to base station). 

40 Although control ranges can be set also for the 
forward-link, they are not limited here. 

Assuming that the total number of channels 
available with the system is 100 and that the selec- 
tion priority degree of a channel is provided in 

45 order from lower number to higher channel num- 
ber. The channels are divided into three groups, 
that is, a first group of 10 channels having channel 
numbers 1 to 10, a second group of 30 channels 
having channel numbers 1 1 to 40, and a third 

so group o ; ' 60 channels having channel numbers 4 1 
to 100. The control ranges of the transmission 
power control amount of the first, second and third 
groups are all set at 4 dB intervals from 16 dB to 
24 dB, from 8 dB to 24 dB. and from 0 dB to 24 

55 dB, respectively. 

Accordingly, the channels of the first group 
which have channel numbers 1 to 10 can have a 
transmission power control amount equal to or 
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higher than 16 DB; the channels of the second 
group which have channel numbers 11 to 40 can 
have a transmission power control amount equal to 
or higher than 8 dB; and the channels of the third 
group which have channel numbers 41 to 100 can 
have a transmission power control amount equal to 
or higher than 0 dB. 

Meanwhile, when any of the channels of the 
first group which have channel numbers 1 to 10 is 
applied, the minimum transmission power control 
amount is 16 dB; when any of the channels of the 
second group which have channel numbers 1 1 to 
40 is applied, the minimum transmission power 
control amount is 8 dB; and when any of the 
channels of the third group which have channel 
numbers 41 to 100 is applied, the minimum trans- 
mission power control amount is 0 dB. 

Fig. 6 is a fiow chart illustrating a second 
embodiment of application different from that de- 
scribed above with reference to Fig. 4 which is 
applied to the channel allocation method tor a 
mobile communications system of the present in- 
vention. 

Base station 3A in Fig. 2 periodically receives 
and stores an interference wave level Uup(i) of a 
free channel i (i = 1 to n, n is the maximum 
number of channels available with the base sta- 
tion). 

Meanwhile, it is assumed that Pms- which re- 
presents the maximum transmission power level of 
mobile station 6A in Fig. 2, and Pbs^ which is the 
maximum transmission power level of base station 
3 A, are knowr.. 

In transmission power control, control is per- 
formed only for the reverse-link in such a way that 
the receive level is controlled to maintain higher 
than desired value THR1 and OR is kept higher 
than THR2, and the range of control is such illus- 
trated in Fig. 5. 

When a call request occurs, the base station 
stores the receive level of a request for call origina- 
tion signal (when the call is originated from the 
mobile station) or a call response signal (when the 
call arrives at the mobile station) received through 
the control channel as Dup which represents the 
reverse-link carrier level (S500). 

Next, the value obtained by subtracting Dup 
from P MS is set as a propagation loss (hereinafter 
abbreviated to L) between the base station and the 
mobile Station (S50i). Since the reversibility stands 
between the reverse-link and the forward-link and 
propagation loss L is considered equal between 
them, L is subtracted from P BS to predict Ddown 
which is the forward-link carrier level at the mobile 
station (S502). 

Thereafter, assuming that channel number i is 
set to i (S503). it is checked whether the first 
channel in the channel group is free (S504). 



When the first channel is free, transmission 
power control amount XI with which reverse-link 
carrier level Dup is adjusted to receive level aimed 
value THR1 is first determined. To this end, the 

s value obtained by subtracting the receive level 
aimed value THR1 from reverse-link carrier level 
Dup is quantized into a value of 4 dB intervals, with 
which actual control can be performed to determine 
control amount X1 of the transmission power. 

70 If X1 is higher than the maximum transmission 

power control amount of 24 dB, Xl is set to X1 = 
24 dB, but when X1 is lower than 0 dB, X1 is set to 
X1 = 0 dB. 

In Fig. 6, the series of processes described 
75 above is represented by function f (S505). 

Next, transmission power control amount X2 
with which the reverse-link CIR is adjusted to a 
required value THR2 is determined. For this pur- 
pose X2 is obtained by quantizing a value which is 
20 obtained by subtracting reverse-link interference 
wave level Uup(t) and required value THR2 for the 
CIR from reverse-link carrier level Dup into a value 
of 4 dB intervals. Further, when X2 is higher than 
the maximum transmission power control amount 
25 of 24 dB. X2 is set to X2 = 24 dB. but when X2 is 
lower than 0 dB. X2 is set to X2 = 0 dB. 

In Fig. 6 ; the series of processes described 
above is represented by function ; (5506). 

The smaller of Xt and X2 determined in this 
30 manner is set as actual transmission power control 
amount CNTup (S507). 

CNTup is then compared with initial minimum 
transmission power control amount LV1(1) when 
channel 1 is selected to be allocated (5508). 
35 If CNTup is equal to or higher than LV1(1), 

then the vaiue obtained by subtracting CNTup and 
reverse-link interference wave levei Uup(i) of chan- 
nel 1 (that is, the reverse-link CIR after transmis- 
sion power control) from Dup is compared with 
40 required value THR2 for the CIR (S509). 

When the reverse-link CIR is equal to or higher 
than THR2, base station 3A instructs mobile station 
6A of measurement of lorward-link interference lev- 
ei Udown(i) of channel 1 and receives the result 
-j 5 from mobile station 6A (S510). 

The value (that is. the forward-iink CIR) ob- 
tained by subtracting Udown(1) from Ddown is 
compared with THR2 (S511). 

If the comparison proves that the forward-link 
50 CIR is also equal to or higher than THR2. channel 
1 is allocated to the call request (S512). 

If channel 1 is busy, when CNTup is lower than 
LV1(I) or when the reverse-link CIR or the forward- 
link CIR is smaller than THR2. parameter i is incre- 
55 mented by one to select next channel 2 (S513), 
and steps S504 to S511 are repeated in a similar 
manner to check whether channel 2 can be used. 
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When the determination is performed for final 
channel n (S514), if no available channel is found, 
then the call is blocked (S515). 

Fig. 7 is a partial flow chart illustrating a third 
embodiment of the present invention different from 
those of Figs. 4 and 6. 

In the present application embodiment a chan- 
nel allocation method for a mobile communications 
system is provided by the application embodiment 
of Fig. 6 to which the steps of Fig. 7 are added. 

In particular, points A, B and C shown in Fig. 7 
arc related to points A, B and C shown in Fig. 6. 
respectively. 

The control range of transmission power con- 
trol is as illustrated in Fig. 5. 

When the result of the check to determine 
whether the ith channel is free (S504) described 
hereinabove with reference to Fig. 6 proves that the 
channel is free, the control sequence advances to 
S600 shown in Fig. 6. Base station 3A measures 
the number of occurrences of interference within an 
arbitrary time (T1) in al! busy channels, that is, the 
number of times by which the CIR becomes lower 
than the required value during service and sets the 
value as m (S600). 

Next, base station 3A compares interference 
occurrence number m with threshold value THR3 
(S601). 

Here, if interference occurrence number m of 
the ith channel is equal to or higher than threshold 
value THR3. then base station 3A inhibits new 
allocation of any channel whose minimum trans- 
mission power contro! amount at allocation is the 
same as the channel compared with THR3 (S602). 

By way of the example of Fig. 5, the channel 
number of a channel with which the minimum 
transmission power control amount at allocation is 
the minimum level (0 dB) ranges from 41 to 100, 
and it is prevented from allocating any of those 
channels to a new call in a same condition. 

When interference occurrence number m is 
lower than threshold value THR3 at S601, the con- 
trol sequence advances to S505 shown in Fig. 6 to 
permit new allocation of a channel with which the 
initial minimum transmission power amount is at 
the minimum level. 

Accordingly, all channels are permitted to be 
allocated to a newly call. While, in the present 
embodiment, a newly allocatable channel is se- 
lected in accordance with the number of occur- 
rences of interference, the compulsory disconnec- 
tions occurrence number (the number of discon- 
nection due to no replaceable channel for occur- 
rence of interference) may be employed in place of 
the number of occurrences of interference. 

Fig. 8 is a partial flow chart illustrating a fourth 
embodiment of the channel allocation method for a 
mobile communications system of the present in- 



vention different from the embodiments described 
above. 

The channel allocation method for the mobile 
communications system illustrated in Fig. 8 is ap- 
5 plied to a channel in service which has been al- 
located by the second embodiment with reference 
to Fig. 6. 

CNTmin(i) which represents the in-service 
minimum transmission power control amount is set 

/o for each channel. The values of CNTmin(i) are set 
4 dB lower than the values of LVl(i) which repre- 
sent the initial minimum transmission power control 
amount. In particular, the in-service minimum trans- 
mission power control amounts of channels 1 to 10, 

75 11 to 40, and 41 to 100 are 12 dB, 4 dB, and -4 
dB, respectively. 

Base station 3A in Fig. 2 measures the average 
value of the transmission power control amount 
within an arbitrary time (T2) for a call in service in 

20 a channel having channel number i and sets the 
vaiue as CNTave(i) (S700). 

Base station 3A then compares average trans- 
mission power control amount CNTave(i) and in- 
service minimum transmission power control 

25 amount CNTmin(i) of the channel (S701). 

Here, if CNTave(i) is lower than CNTmin(i), the 
base station determines that it is not suitable to use 
the channei as is. and starts switching control to 
another channel (S702). 

30 If CNTave(i) is equal to or higher than CNTmin- 

(i) at S701, the call is continued in service by way 
of channel i as is. 

Fig. 9 is a partial flow chart of a firth embodi- 
ment of the present invention which is different 

35 from the methods described above which is ap- 
plied to the system of Fig. 2. 

The present control is performed for a channel 
in service which has been allocated by the method 
described hereinabove with reference to Fig. 6. 

ao CNTmax(i) which represents the in-service 

maximum transmission power control amount is set 
for each channel. 

The values of CNTmax(i) are set 8 dB higher 
than the values of LVl(i) which represents the initial 

45 minimum transmission power control amount. In 
particular, the in-service minimum transmission 
power control amounts of channels 1 to 10, 11 to 
40, and 41 to 100 are 24 dB, 16 dB, and 8 dB, 
respectively. 

so Base station 3A measures the average value of 

the transmission power control amount within an 
arbitrary time (T3) for a call in service in a channel 
having channel number i and sets the value as 
CNTave(i) (S800). 

55 Base station 3A then compares average trans- 

mission power control amount CNTave(i) and in- 
service maximum transmission power control 
amount CNTmax(i) of the channel (S801). 
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Here, if CNTave(i) is higher than CNTmax(i), 
base station 3A determines that it is not suitable to 
use the channel as is, and starts switching control 
to another channel (S802). 

II CNTave(i) is equal to or lower than CNTmax- 
(i) at S801 ; the call is continued in service by way 
of channel i as is. 

Fig. 10 is a flow chart of a sixth embodiment 
illustrating operation when the channel allocation 
method for a mobile communications system of the 
present invention which is different from the meth- 
ods described above is applied to the system 
shown in Fig. 2. 

In the present method, S702 or S802 at which 
the channel switching control in the channel alloca- 
tion method described hereinabove with reference 
to Fig. 8 or 9 is replaced by the steps shown in 
Fig. 10. 

The channel allocation method in Fig. 10 is 
employed in a mobile communications system of 
the TDMA (time division multiplex accessing) sys- 
tem wherein a plurality of channels are time-di- 
vision multiplexed on the same carrier frequency. 

After channel switching is started in the chan- 
nel allocation method illustrated in Fig. 8 or 9, base 
station 3A shown in Fig. 2 sets parameter k for 
identification of the carrier frequency, that is, the 
channel number, to 1 (S900). and selects carrier 
frequency 1 corresponding to channel number 1 in 
the available carrier frequency group, and there- 
after checks the use conditions of all the channels 
on the carrier frequency. 

When more than one channel is used, switch- 
ing to another free channel on carrier frequency 1 
is performed (S903) and success or failure of the 
result of switcning is determined (S904). 

U the switching is successful, the control is 
ended immediately. 

if no channel is free on carrier frequency 1 , or 
if switching to another free channel on carrier fre- 
quency 1 has not been performed successfully, 
parameter k is increased one to select next carrier 
frequency 2 (S905), and thereafter sieps S901 to 
S903 are repeated in a similar manner. 

When the switching control is performed for 
the final carrier frequency, but no available channel 
is found (S906), then the control is ended. 

Fig. 11 is a flow chart of a seventh embodi- 
ment of the channel allocation method for a mobile 
communications system of the present invention. 

The method of Fig. i i is performed indepen- 
dently of channel allocation when the channel al- 
location method described hereinabove with refer- 
ence to Fig. 5, 7 or 8 is applied to the system 
shown in Fig. 2. 

It is assumed that LVl(i) representing the initial 
minimum transmission power control amount. 
CNTmin(i) representing the in-service minimum 



transmission power control amount and CNTmax(i) 
representing the in-service maximum transmission 
power control amount are set for each channel. 
Base station 3A measures the average value of 
s the transmission power control amount within an 
arbitrary time (T4) sufficiently longer than the aver- 
age service time for a channel whose channel 
number is i, and sets the value as CNTave(i) 
(S1000). 

/o Next, difference Z(i) between average transmis- 

sion power control amount CNTave(i) and minimum 
transmission power control amount LV1(i) is cal- 
culated (S1001), and is compared with threshold 
value THR4(S1002). 

15 Here, if 2(i) is higher than THR4, then the base 

station increases 4 dB for each of the values of 
initial minimum transmission power control amount 
LV(i), in-service minimum transmission power con- 
trol amount CNTmin(i} and in-service maximum 

20 transmission power control amount CNTmax(i) of 
channel i and continues to use the same channel 
(S1003. S1004 and S1005). 

If 2(i) is equal to or lower than THR4, then Z(i) 
is compared with threshold value THR5 (S1006). 

25 Here, if Z(i) is lower than THR5, the base 

station decreases 4dB for each of the values of 
initial minimum transmission power control amount 
LVfi), in-service minimum transmission power con- 
trol amount CNTmin(i) and in-service maximum 

30 transmission power control amount CNTmax(i) of 
channel i, and continues to use the same channel 
(Si 003, S1004 and S1005). 

Fig. 12 is a flow chart of an eighth embodiment 
of the channel allocation method for a mobiie com- 

35 munications system of the present invention which 
is different from the embodiments described 
above. 

The present control is performed independent- 
ly of channel allocation when the channel allocation 

40 method described hereinabove with reference to 
Fig. 9 is applied to the system of Fig. 2. 

In-service minimum transmission power control 
amount CNTmin(i) is set for each channel. 

Base station 3A measures the number of times 

-45 by which the transmission power control amount 
becomes lower than in-service minimum transmis- 
sion power control amount CNTmin(i) within an 
arbitrary time (T5) sufficiently longer than the aver- 
age service time for a channel having channel 

so number i and sets the value as p <S1100). Base 
station 3A then compares p and threshold value 
Lmax (Si 101). If the comparison proves that p is 
higher than Lmax, base station 3A decreases the 
value of in-service minimum transmission power 

55 control amount CNTrnin(i) of a channel having 
channel number i by 4 dB and continues to use the 
same channel (S1 102). 
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If p is equal to or lower than Lmax, p and 
threshold value Lmin are compared (S1 103). 

If the result proves that p is lower than Lmin, 
then base station 3A increases in-service minimum 
transmission power control amount CNTmin(i) of a 
channel having channel number i by 4 dB and 
continues to use the same channel (S1 104). 

If p is equal to or higher than Lmin, use of the 
channel is continued. 

Fig. 13 is a flow chart of a ninth embodiment of 
the channel allocation method for a mobile commu- 
nications system of the present invention which is 
different from the embodiments described above. 

The present control is performed independent- 
ly of channel allocation when the channel allocation 
method described hereinabove with reference to 
Fig. '9 is applied. 

In-service maximum transmission power control 
amount CNTma.x(i) is set for each channel. Base 
station 3A measures the number of times by which 
the transmission power control amount becomes 
higher than in-service maximum transmission pow- 
er control amount CNTmax(i) within an arbitrary 
time (T6) sufficiently longer than the average ser- 
vice time for a channel having channel number i 
and sets the value as q (S1200). Base station 3A 
then compares q and threshold value Mmax 
(Si 201 ). 

It the comparison proves "that q is higher than 
Mmax, base station 3A increases the value of in- 
service minimum transmission power control 
amount CNTmax(i) of a channel having channel 
number i by 4 dB and continues to use the same 
channel (Si 202). 

If q is equal to or lower than Mmax, p and 
threshold value Mmin are compared with each oth- 
er (S1203). 

If the result proves that q is lower than Mmin, 
then base station 3A decreases in-service maxi- 
mum transmission power control amount CNTmax- 
(i) of a channel having channel number i by 4 dB 
and ends the control (S1204). If q is equal to or 
higher than Mmin, then use of the same channel is 
continued. 

As described in detail to this point, the channel 
allocation method for a mobile communications 
system of the present invention is advantageous in 
that it provides a channel allocation method which 
is short in average reuse distance and high in 
frequency utilization efficiency while suppressing 
the average transmission power by performing 
transmission power control. 

Claims 

1. A channel allocation method in a mobile com- 
munications system in which a plurality of 
base staiions are disposed in a service area 
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and radio communication is performed be- 
tween one of said base stations and a mobile 
station, said method handled by each base 
station comprising the steps of: 

setting the control range of the transmis- 
sion power control amount for each radio chan- 
nels; and 

selecting, upon communication of each of 
said base stations with the mobile station : one 
of said radio channels which has a control 
range corresponding to the necessary trans- 
mission power control amount, and allocating 
the selected radio channel for communication 
with the mobile station. 



2. A method as claimed in claim 1 , 

further comprising the steps of: 
setting a selection priority degree and a 
first threshold value to each of the radio chan- 

20 nets such that the first threshold value is set at 

least equal to or higher for the channel having 
higher priority degree than the lower priority 
channel; and allocating of one radio channel 
having the first threshold value when the trans- 

25 mission power control amount for the commu- 

nication with the mobile station exceeds the 
first threshold value. 

3. A method as claimed in claim 2. further com- 
30 prising the steps of: 

counting the frequency of interference and 
compulsory disconnection occurring in service 
corresponding tor each of the first threshold 
values; and 

35 inhibiting the allocation of radio channel 

whose first threshold value is the least level of 
the transmission control power amount when 
the frequency corresponding to said first 
threshold value becomes higher than a pre- 

40 determined value. 

4. A method as claimed in claim 1, 2 or 3, further 
comprising the steps of: 

setting a second threshold value for each 
as of the radio channels; and 

starting to switch a radio channel in use to 
another -available channel when the average 
transmission power control amount within a 
fixed time in service becomes lower than the 
so second threshold value. 

5. A method as claimed in any one or claims i to 
4, further comprising the steps of: 

setting a third threshold value lor each of 
55 the radio channels; and 

starting to switch a radio channel in use to 
another available channel when the average 
transmission power control amount within a 
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fixed time in service becomes higher than the 
third threshold value. 

6. A method as claimed In claim 4 or 5, further 
comprising the step of: 5 

switching a radio channel in use only to 
another free radio channel in the same time- 
division multiplexed carrier frequency. 

7. A method as claimed in any one of claims 2 to io 

6. wherein 

said first threshold value is varied in response 
to the average transmission power control 
amount within a fixed time. 

75 

8. A method as claimed in any one of claims 4 to 

7. wherein 

said second threshold value is varied in re- 
sponse to the average transmission power con- 
trol amount within a fixed time. 20 

9. A method as claimed in any one of claims 5 to 

8. wherein 

said third threshold value is varied in response 

to the average transmission power control 25 

amount within a fixed time. 

10. A method as claimed in any one of claims 4 to 

9. wherein 

the second threshold value is varied in re- 30 
sponse to the number of times the transmis- 
sion power control amount becomes lower than 
said second threshold value within a fixed 
time. 

35 

11. A method as claimed in any one of claims 5 to 

1 0. wherein 

said third threshold value is varied in response 
to the number of times the transmission power 
control amount becomes lower than said third 40 
threshold value within a fixed time. 

12. A mobile communications system wherein a 
plurality of base stations are disposed in a 
service area and radiocommunication is per- js 
formed between one of said base stations and 

a mobile station, said system comprising in 
each base station: 

means tor setting and registering the con- 
trol range of the transmission power control so 
amount for each radio channels; and 

means for selecting, upon communication 
with the mobile station, one radio channel 
which has a control range corresponding to the 
necessary transmission power control amount. 55 
and allocating the selected radio channel for 
communication with the mobile station. 



13. A system as claimed in claim 12, further com- 
prising; 

means for providing a selection priority 
degree and registering a first threshold value 
to each of the radio channels such that the first 
threshold value is set at least equal to or 
higher for the channel having higher priority 
degree than the lower priority channel; and 

means for allocating of one radio channel 
having the first threshold value when the trans- 
mission power control amount for the commu- 
nication with the mobile station exceeds the 
first threshold value. 

14. A system as claimed in claim 13, further com- 
prising: 

means for counting the frequency of inter- 
ference and compulsory disconnection occur- 
ring in service corresponding for each of the 
first threshold values; and 

means for inhibiting the allocation of radio 
channel whose firsl threshold value is the ieast 
level of the transmission control power amount 
when the frequency corresponding to said first 
threshold value becomes higher than a pre- 
determined value. 

15. A system as ciaimec in ciaim 12, 13 or 14, 
further comprising: 

means for setting and preferably register- 
ing a second threshold value for each of the 
radio channels; and 

means for starting to switch to another 
radio channel when the average transmission 
power control amount becomes lower than the 
second threshold value within a fixed time in 
service. 

16. A system as claimed in any one of claims 12 
to 15, further comprising: 

means for setting a third threshold value 
for each of the radio channels; and 

means for starting to switch to another 
available channel when the average transmis- 
sion power control amount becomes higher 
than the third threshold value within a fixed 
time in service. 

17. A system as claimed in claim 15 or 16, further 
comprising; 

means for switching a radio channel in use 
preferably only 

to another free radio channel within the same 
time-division multiplexed carrier frequency in 
which at least one radio channel is accom- 
modated. 
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18. A system as claimed in any one of claims 13 
to 17, further comprising: 

means for varying the first threshold value 
in response to the average transmission power 
control amount within a fixed time. 5 

19. A system as claimed in any one of claims 15 
to 18, further comprising: 

means for varying the second threshold 
value in response to the average transmission 70 
power control amount within a fixed time. 

20. A system as claimed in any one of claims 16 
to 19, further comprising: 

means for varying the third threshold value 75 
in response to the average transmission power 
control amount within a fixed time. 

21. A system as claimed in any one of claims 15 
to 20, further comprising: 

means for varying said second threshold 
value in response to the number of times the 
transmission power control amount becomes 
lower than said second threshold value within a 
fixed time. 

22. A system as claimed in any one of claims 16 
to 21. iunher comprising: 

means for varying said third threshold val- 
ue in response to the number of times the 30 
transmission power control amount becomes 
lower than said third threshold value within a 
fixed time. 

35 
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